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Abstract
In the assembly process, the tolerance of mating parts or products, especially geometric tolerance, may cause geometric deviations in the
assembly. These deviations must be kept in a reasonable range to ensure the precision and stability of assembly. The paper analyzes the
influence caused by the difference in assembly sequences on the geometric deviation of key features in an assembly, which results in the
influences on assembly precision. The research is done on an example model with two approaches: the mathematical method based on
homogenous transformation matrix (HTM) and the simulation-based method. In the mathematical method, a transformation matrix is used to
describe the geometric deviations of mating features caused by the tolerance and assembly clearance, and the resulting propagations in different
assembly sequences. In the other method, the geometric deviations are measured with a CAT package based on the Monte-Carlo technique.
Through the results of the methods, assembly precision could be identified and corresponding assembly sequences could be evaluated, which
may serve as the evidence for the optimization of assembly process planning.
© 2015 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the organizing committee of 13th CIRP conference on Computer Aided Tolerancing.
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1. Introduction
The assembly process is a crucial step in product
manufacturing. The quality of the assembly process directly
or indirectly influences the quality and robustness of the
product. In practical manufacturing conditions, however, the
propagation of dimensional and geometric tolerances as well
as the clearances between mating parts will cause the
deviations of some mating features from their nominal
positions, resulting in the influence on the assembly precision.
The assembly precision serves as an important index for the
evaluation of the assembly quality, which reflects whether the
deviations of assembly features could be controlled within a
reasonable range to guarantee the stability of the assembly.
Since the propagation of tolerances and clearances is among
the main contributors to feature deviations, and it depends a
lot on the planning of assembly sequences, so in order to
ensure good assembly precision, it is necessary to analyze the
deviations of mating features under different assembly
sequences and accordingly choose the best sequence.
2. Tolerance representation
To conduct tolerance analysis on an assembly, first of all,
the tolerances must be modeled and represented in an
appropriate way, which can transform the tolerance zone to
mathematical expressions to calculate their impact on feature
deviations.
The feature deviation can be represented as a combination
of two transformations of the nominal geometry: a variation
in the geometric parameters of feature and small
displacements of either the feature or its derived elements.
The small displacements could be translations and rotations
with respect to the three axes of the feature coordinate system.
But not all the translations or rotations have to be considered
in the analysis of feature deviation, because some of them do
not contribute to the description of feature geometry. This is
how the concept of invariance is introduced.
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Based on the technologically and topologically related
surfaces (TTRS) [1], part features can be categorized into
seven classes according to their invariance with respect to
translations and rotations: spherical, planar, cylindrical,
helical, rotational, prismatic, and generic surfaces. The spatial
position of the each surface is determined by its minimum
geometric datum element (MGDE) through dimensions and
tolerances. Such a categorization method conveys both the
shape characteristics of a feature and its geometric constraints
[2]. The degrees of invariance (DOIs) are defined in each
class, which represents the invariances that can keep the
feature unchanged when the feature translates along or rotates
around the X, Y and Z axes of a local coordinate system
(LCS). For short, in the following sections of the paper,
, ,x y zT T T will be used to describe the translations along the X,
Y and Z axes, and , ,x y zR R R to describe the rotations around
the axes. Since DOIs and DOFs are complementary, by
identifying the invariances of a feature in assembly, its
degrees of freedom can be inferred, and the related
displacements to be analyzed can be determined.
3. Tolerance analysis methods
3.1. Transformation calculation with HTM
In order to analyze the propagation and accumulation of
tolerances, the deviations of key features on mating parts
should be represented in a mathematical way, based on which
the deviation stack-up could be calculated.
Here we represent the geometric deviations by considering
their effect on tolerance propagation on certain DOFs. To
guarantee the validity of the model, two assumptions are
made as follows:
 The parts are rigid, the deformation is not taken into
consideration.
 The rotations are considered small [3].
The feature deviations on the six DOFs can be represented
as , ,x y zd d d and , ,x y zd d d   , which signify the translational
displacements along X, Y and Z axes and the rotational
displacements around these axes respectively.
As for a specified feature with tolerance specification, the
tolerance zone can be transformed into the displacements on
corresponding DOFs according to the feature’s invariances
and its relationship with other mating features. The clearance
between mating parts also contributes to the deviation, which
should be considered as well. For example, when a cylinder is
assembled into a hole with the Z axis of the cylinder parallel
to the hole axis, zT and zR will be invariances while ,x yd d
and ,x yd d  will be propagated to the mated hole feature in
assembly. Since the tolerance zone is used to constrain the
deviations of feature, the displacements are usually
represented as a range.
After identifying the displacements to be propagated in
each part of the assembly, the stack-up of tolerances and
clearances can be analyzed. Here it is necessary to transform
the geometric deviations of each assembly feature into one
global coordinate system (GCS). The homogeneous
transformation matrix (HTM) could be used here to build the
mathematical model of tolerance stack-up. HTM has been
widely used in kinematics to describe the geometric
relationship between two rigid bodies in space. And in
assemblies, the propagation of geometric deviations is
considered to follow the same principle as in kinematics. In
this paper, since the research object is a 3D assembly, the
HTM is a 4*4 matrix. It defines the translational and
rotational transformation between local reference frames.
By building the GCS on a datum part and each LCS on
mating parts, the nominal position of a target feature in the
GCS can be calculated with a series of nominal
transformations, which is described with Eq. (1) and Eq. (2).
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Where tM and
nM represent the nominal position of the
target feature in the LCS and the GCS respectively,
nMi represents each of the transformations between mating
parts of the assembly, which is a synthesis of the nominal
transformations on the six DOFs [4].
For features with tolerance specifications or clearances,
however, a differential transformation matrix is needed to
represent the displacements, which is shown as Eq. (3).
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In Eq.(3), , , , ,x y z x yd d d d d  and zd are possible
displacements on the six DOFs, E is the identity matrix.
The superposition of the nominal transformation matrix
and the differential transformation matrix defines the real
transformation between coordinate frames, considering both
the nominal dimensions and the geometric deviations caused
by tolerances and clearances [5-6]. It can be given as Eq. (4).
( )v nM E M Mi i i ∗ ∃ (4)
So the real position of a target feature in the GCS, resulting
from the propagation of deviations, can be given as Eq. (5).
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By measuring the real position of a target feature, the
deviations of the feature can be checked to see whether they
are within the range specified by tolerance zones. In this
paper, according to the designed assembly sequences,
different GCSs are selected. Target features, whose deviations
may influence the assembly precision, are also defined
accordingly. Through the comparison of feature deviations
and corresponding tolerance zones in different sequences, the
best sequence could be determined which properly ensures the
assembly precision.
3.2. An example
In the pin-hole model shown in Fig. 1, Tz and Rz are the
invariances of both the pin and the hole. So deviations may
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occur on the other 4 DOFs. The perpendicularity specified on
the pin will cause the rotational deviations xd and yd ,
while the clearance will cause the translational deviations xd
and yd . The clearance zone is determined by the difference of
dimensional tolerance zones of the two mating features.
Fig. 1. A pin-hole assembly model
Assume that both of the tolerance zones are normally
distributed in the range + ,3 , 3u   ∀ ∗ , where  is the mean
value and  stands for the standard deviation, then the
clearance zone C , as the difference between two normally
distributed variables, also follows normal distribution. For the
hole diameter in the range
[ , ]D D D D∀∃ ∗ ∃ , ,D D  / 3D D  ∃ . So it is the same
with the pin diameter. Therefore, the clearance zone C, whose
mean value is C D d   ∀ and standard deviation
is 2 2C D d    ∗ , is in the
range 2 2 2 2[ , ]D dD d d D dD∀ ∀ ∗ ∃ ∀ ∗ ∗ ∃∃ ∃ [6].
According to the tolerance zone in Fig. 1, the deviations xd
and yd are in the range + ,,m H m H∀ , while xd and yd are
in the range + ,2, 2C C∀ . So the transformation matrix
between the LCSs of the two parts, whose nominal position
coincides with each other, can be defined as Eq. (6).
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3.3. Tolerance Analysis based on simulation
Nowadays commercial CAT packages, such as eM-
TolMate of UGS, 3DCS of Dimensional Control Systems, and
VisVSA of UGS, are being widely used by manufacturing
enterprises to ensure the correctness and applicability of
tolerance design and to improve design efficiency.
In this paper, the CAT package 3DCS is utilized to analyze
feature deviations. As a dimension control system, it can be
used on various platforms to conduct tolerance analysis and
dimension optimization.
This tolerance analysis method is based on the variational
model which represents the variability of an assembly, due to
tolerances and assembly conditions, through a parametric
mathematical model [7]. In this model, the HTM is also used
to define the position of each LCS and the effect of
dimensional and geometric variations on features. With the
model, the stack-up functions can be deduced. Then, a
statistical approach based on the Monte Carlo simulation
technique is utilized to solve the functions and generate the
analysis result. In the approach, the assembly process is
simulated for a specified number of times. During each
simulation, each feature is given a stochastic deviation
according to the probability density function predefined, and
the range of the deviation is constrained by the tolerance
specified on the feature. With the deviations as parameters,
the stack-up function could be solved, thus generating a
measurement data with respect to each simulation. By
summarizing the measurement data and analyzing them with
some statistical methods, a detailed analysis result will be
generated in the form of tables and histograms, from which
the effect of each tolerance and the distribution of
measurement data can be clearly identified [8].
4. Analysis of assembly precision in different assembly
sequences with HTM
In this section, an example assembly model is given with
two predefined assembly sequences. According to each
sequence, a GCS is established on the datum part and target
features whose deviations shall be monitored to check
assembly precision are also identified, based on which an
HTM-based analysis method is illustrated in detail.
Table 1. Tolerance values of Part1and Part5
Part i iL iL∃ iD iD∃ 1ip 2ip 3ip iH
i=1 100 0.1 15 0.1 0.1 0.1 0.1 15
i=5 100 0.1 15 0.1 0.1 0.1 0.1 15
Table 2. Tolerance values of Part2, Part3 and Part4
j j
L
jH 1j
d
1jd∃ 2jd 2jd∃ 1j
p 2jp
jt
j=2 10 15 14.6 0.05 9.2 0.1 0.1 0.1 0.05
j=3 10 15 14.6 0.05 9.2 0.1 0.1 0.1 0.05
j=4 10 15 14.6 0.05 9.2 0.1 0.1 0.1 0.05
As is shown in Fig. 2, the example model is a motor
stabilizer composed of five main parts and some fasteners.
Each main part has been assigned a number for easy
recognition. The joint features, such as Feature D and E in
Part 2, 3 and 4 are in contact with Feature A in Part 1 and Part
5 respectively. The tolerance design is also given with the
value of each tolerance shown in Table 1 and Table 2.
Two assembly sequences are given as below.
Sequence 1: 5-2-3-4-1
Sequence 2: 1-2-3-4-5
4.1. Analysis of assembly precision in Sequence 1
In this sequence, we can see that, with Part 5 as the datum
part, the tolerances specified on each part and the clearances
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between Part 5 and Part 2, 3 and 4 may propagate and
influence their assembly with Part 1.
So this propagation process should be analyzed. Set
coordinate frame of Part 5 as GCS and the mating features of
Part 2, 3 and 4 with Part 5 as target features, a series of HTMs
could be established to calculate the deviations of target
features. According to the mating conditions and tolerances,
the invariances of each part can be inferred to determine the
variations that may occur in assembly. Table 3 illustrates the
deviations to be considered in each transformation and their
causes and ranges [9].
Table 3. The deviations in each transformation
Transforms NominalSize Deviation source
Tolerance
Zone Deviations
O51→O52 100
Dimensional
tolerance ±0.1 xd
O52→O32 0
Perpendicularity,
Clearance
0.1 , , ,x y x yd d d d 
O32→O31 25 Concentricity 0.05 , , ,x y x yd d d d 
O51→O22 0
Perpendicularity,
Clearance
0.1 , , ,x y x yd d d d 
O22→O21 25 Concentricity 0.05 , , ,x y x yd d d d 
(1) Calculate the deviations of feature G of Part 3 and Part
4 in GCS
Since the mating conditions of Part 3 and Part 4 with Part 1
and Part 5 are quite similar, in this section, only the deviations
of Part 3 are analyzed. Point 51O and 52O are located at the
center of hole feature B and C of Part 1, and they serve as the
origin of GCS 51F and LCS 52F respectively. In this sequence,
to simplify calculation, the X axis GCS is set parallel to the
line that connects Point 51O and 52O at their nominal position.
The calculation is conducted in the following steps.
 Transformation 1vM from 51O to 52O
As for the nominal transformation 1
nM between 51O and
52O , 5xD L , 0y zD D  . The differential transformation
1M∃ results from the dimensional tolerance. According to
Table1, + ,5 5,xd L L ∀∃ ∃ , 0y zd d  0x y zd d d     .So
transformation 1
vM can be represented as Eq. (7).
+ ,5 5 5 5
1 1 1 1
1 0 0 ,
0 1 0 0
0 0 1 0
0 0 0 1
v n n
L L L L
M M M M
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# &
# & ∗ ∃  
# &
# &
# &% )
(7)
 Transformation 2vM from 52O to 32O
In this transformation, deviations result from the
perpendicularity specified on the two mating features F and C,
and the clearance between them. The clearance causes
translational deviation xd and yd , and is normally distributed
in 2 2 2 25 32 5 32 5 32 5 32,D d D d D d D d! (∀ ∀ ∃ ∗ ∃ ∀ ∗ ∃ ∗ ∃# &% ) . While the two
perpendicularities together determine the rotational variation
xd and yd . The ranges of each variation are shown as Eq. (8),
where 2 25 32 5 32C D d D d ∀ ∗ ∃ ∗ ∃ , the upper bound of the clearance
range.
+ ,
− .52 5 32 3 52 5 32 3
2 , 2
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x y
x y
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d d C C
d d p H p H p H p H
d d
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
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00  ∀ ∗ ∗! (1% )
0  02
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So 2
vM can be given as Eq. (9), where
52 5 32 3P p H p H ∗ .
+ , + ,
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+ , + ,2
1 0 , 2, 2
0 1 , 2, 2
, , 1 0
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v
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P P C C
M
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4 74 7
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 Transformation 3vM from 32O to 31O
The concentricity specified on feature G with respect to
feature F contributes to the variation here. The transformation
parameters are shown as Eq. (10).
+ ,
+ ,
3 3
3 3
3 3 3 3
0,
2 , 2 , 0
2 , 2 , 0
x y z
x y z
x y z
D D D H L
d d t t d
d d t H t H  
/   ∗
00  ∀  1
0  ∀  02
(10)
During calculation of the transformation matrix, the
Normal Sum/Difference Distribution is used to deal with the
sum or difference of two ranges. So 3
vM can be given as Eq.
(11),
+ , + ,
+ , + ,
+ , + ,3 3 3
1 0 , ,
0 1 , ,
, , 1
0 0 0 1
v
Q Q R R
Q Q R R
M
Q Q Q Q H L
! (∀ ∀
# &∀ ∀ ∀# & 
# &∀ ∀ ∀ ∗
# &
% )
(11)
where 3 32Q t H ,
2 2 2
3 3 3 3 3(t / 2) (H L ) (2 t /H )R  ∗ ∗ .
Fig. 2. The example model and tolerance design
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 The coordinate of 31O of feature G in GCS
Since 31O is the origin of its LCS, its coordinate in the
LCS can be represented as [0, 0, 0,1]Mt  ,and its coordinate
vM
in the GCS is as Eq. (12).
2 2 2 2 2
5 3 3 5
2 2 2 2 2
5 3 3 5
31
2 2 2 2 2 2 2 2
3 3 3 3
3 3
( ) ( ) ( ) ,
2
( ) ( ) ( )
2
( ) ( ) , ( ) ( )
2 2
1
v
CL R H L P L
CL R H L P L
M
C CR H L P R H L P
H L
 
! (! (∀ ∗ ∗ ∗ ∗ ∃# &# &
# &# &
# &# &
# &∗ ∗ ∗ ∗ ∗ ∃# &
% )# &
# &! (# &∀ ∗ ∗ ∗ ∗ ∗ ∗# &# &% )# &∗# &
# &
% )
(12)
So the maximum deviations of feature G (Part 3) in the GCS
are as below.
2 2 2 2 2
31 3 3 5
2 2 2 2
31 3 3
31
( ) ( ) ( )
2
( ) ( )
2
0
CX R H L P L
CY R H L P
Z
/∃  ∗ ∗ ∗ ∗ ∃ 0
0
00∃  ∗ ∗ ∗ 1
0
0∃  
0
02
(13)
(2) Calculate the deviations of feature G of Part 2 in GCS
Using the same method as above, the coordinate of 21O of
feature G in Part 2 is
2 2 2 2 2 2 2 2
2 2 2 2
2 2 2 2 2 2 2 2
21 2 2 2 2
2 2
' '' ( ) ' ( ) , ' ( ) ' ( )
2 2
' '' ( ) ' ( ) , ' ( ) ' ( )
2 2
1
v
C CR H L P R H L P
C CM R H L P R H L P
H L
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,where 2 25 22 5 22'C D d D d ∀ ∗ ∃ ∗∃ , 51 5 22 2 2 2' , ' 2P p H p H Q t H ∗  and
2 2 2
2 2 2 2 2' (t / 2) ( ) (2 t / )R H L H ∗ ∗ .
And the maximum deviations of feature G (Part 2) in the
GCS are as below.
2 2 2 2
21 2 2
2 2 2 2
21 2 2
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'' ( ) ' ( )
2
'' ( ) ' ( )
2
0
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02
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(3) Analysis of assembly precision
Now we have figured out the deviations of assembly
features in Part 2 and Part 3, in order to guarantee that the two
parts could be properly assembled with Part 1 and to improve
assembly precision, two assembly conditions should be
considered: the maximum material condition (MMC) and the
least material condition (LMC).
Condition 1: MMC. The distance between 21O and 31O on
the X axis of GCS is maximum:
21 31 1 31 21( , )XD O O L X X ∗ ∃ ∗ ∃ , while the distance between
11O and 12O is minimum: 11 12 1 1( , )XD O O L L ∀ ∃ .
Condition 2: LMC. The distance between 21O and 31O on
the X axis of GCS is minimum:
21 31 1 31 21( , )XD O O L X X ∀ ∃ ∀∃ , while the distance between
11O and 12O is maximum: 11 12 1 1( , )XD O O L L ∗ ∃ .
In both of the two conditions, the clearances between Part
1 and Part 2, 3 must be big enough to compensate for the
deviations of 21O and 31O in the X direction [7]. An
inequation can be given as Inequation (16) to check whether
assembly precision could be ensured, considering the extreme
condition. 12minC and
13
minC represent the minimum clearances
between Part 1 and Part 2, 3.
12 13
min min 31 21 1
12
min 1 1 21 21
13
min 1 1 31 31
(C ,C ) ( , )
C
C
Min Max X X L
D D d d
D D d d
/9 ∃ ∃ ∗ ∃
0
 ∀ ∃ ∀ ∀ ∃ 1
0 ∀ ∃ ∀ ∀ ∃ 2
(16)
4.2. Analysis of assembly precision in Sequence 2
In Sequence 2, Part 1 serves as the datum part and the GCS
is set at 11O of its hole feature B. The transformation process
is similar to that mentioned above, and the result of related
parameters is shown below.
2 2 2 2 2
32 3 3 1
2 2 2 2
22 2 2
2 2 2 2
1 31 1 31 1 21 1 21
52 5 32 3 51 5 22 2
2 2 2
3 3 3 3 3
2 2 2
2 2 2 2 2
( ) ( ) ( )
2
'' ( ) ' ( )
2
, '
, ' ,
(t / 2) (H L ) (2 t /H )
' (t / 2) ( ) (2 t / )
CX R H L P L
CX R H L P
C D d D d C D d D d
P p H p H P p H p H
R
R H L H
/∃  ∗ ∗ ∗ ∗ ∃ 0
0
0
0∃  ∗ ∗ ∗
00
1 ∀ ∗ ∃ ∗ ∃  ∀ ∗ ∃ ∗ ∃
0
 ∗  ∗ 0
0
 ∗ ∗ 0
0
0 ∗ ∗ 2
(17)
32X∃ and 22X∃ signify the maximum deviations of
feature F of Part 2 and Part 3 in the X direction of GCS
respectively. Similarly we can define another Inequation (18)
to evaluate the assembly precision of this sequence.
52 53
min min 32 22 5
52
min 5 5 22 22
53
min 5 5 32 32
(C ,C ) ( , )
C
C
Min Max X X L
D D d d
D D d d
/9 ∃ ∃ ∗ ∃
0
 ∀ ∃ ∀ ∀ ∃ 1
0 ∀ ∃ ∀ ∀ ∃ 2
(18)
4.3. Comparison of assembly precision in two sequences
Based on the two inequations, we can evaluate the
assembly precision of the assembly under the two sequences.
In sequence 1,
12 13
min min 31 21 1(C ,C ) 0.25, ( , ) 0.7092Min Max X X L ∃ ∃ ∗ ∃  .
In sequence 2,
52 53
min min 32 22 5(C ,C ) 0.6, ( , ) 0.5637Min Max X X L ∃ ∃ ∗ ∃  .
Therefore,
12 13
min min 31 21 1
52 53
min min 32 22 5
(C ,C ) ( , )
(C ,C ) ( , )
Min Max X X L
Min Max X X L
: ∃ ∃ ∗ ∃
; ∃ ∃ ∗ ∃ .
From the result we can see that, in sequence 1 when Part 5
is selected as the datum part, the clearances between Part 1
and Part 2, 3 are far from enough to compensate for the
feature deviations caused by tolerance propagation on the
mating features of these parts. So is it with the clearances
between Part 1 and Part 2, 4. While in sequence 2, the feature
deviations are within a reasonable range which can be
satisfied by the clearances. So we can conclude that the
assembly under sequence 2 guarantees a better assembly
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precision. It reduces the possibility for the happening of
collisions between parts in the assembly process and makes
the assembly more stable.
5. Analysis of assembly precision in different assembly
sequences based on simulation
To better prove the difference in assembly precision under
different assembly sequences, in this section, the article
conducts another analysis with 3DCS. It is mainly used in this
section to simulate the assembly process and analyze the
deviations of key mating features in the assembly. The output
statistical data reflects the distribution of deviations and can
be used for the evaluation of assembly precision.
During the analysis, the 3D model of the assembly is built
with the tolerances assigned according to Table 1 and Table 2.
Then two different sets of Moves are established according to
the two assembly sequences to ensure that the assembly could
be nominally built up, based on which the simulation analysis
could be done. In sequence 1, two Point Distance
Measurements are established on 51 31,O O and 51 21,O O . With
51O as the datum feature, a GCS is determined with 51O as
the origin, then the distance between 51O and 21 31,O O
projected on the X axis of GCS, which can be measured
through the software, will reflect the deviations on the X
direction. Similar measurements are also established in
sequence 2.
Using the Simulation function of the CAT package to
conduct simulation analysis and setting 2000 total runs, a
simulations result will be generated. The statistical data of
measurements is shown in Table 4.
Table 4. Statistical result of each deviation
Value
/Object
Sequence 1 Sequence 2
21X∃ 31X∃ 41X∃ 22X∃ 32X∃ 42X∃
Max 0.321 0.309 0.315 0.424 0.364 0.231
Min -0.323 -0.355 -0.333 -0.365 -0.397 -0.233
Max X∃ 0.323 0.355 0.333 0.424 0.397 0.233
From Inequation (16) and (18) mentioned in the previous
section, we can make another comparison.
In sequence 1,
12 13
min min 31 21 1
12 14
min min 41 21 1
(C ,C ) 0.25, ( , ) 0.455
(C ,C ) 0.25, ( , ) 0.433
Min Max X X L
Min Max X X L
 ∃ ∃ ∗ ∃  
 ∃ ∃ ∗ ∃  .
In sequence 2,
52 53
min min 32 22 5
52 54
min min 42 22 5
(C ,C ) 0.6, ( , ) 0.524
(C ,C ) 0.6, ( , ) 0.497
Min Max X X L
Min Max X X L
 ∃ ∃ ∗ ∃  
 ∃ ∃ ∗ ∃  .
Therefore,
12 13
min min 31 21 1
12 14
min min 41 21 1
52 53
min min 32 22 5
52 54
min min 42 22 5
(C ,C ) ( , )
(C ,C ) ( , )
(C ,C ) ( , )
(C ,C ) ( , )
Min Max X X L
Min Max X X L
Min Max X X L
Min Max X X L
: ∃ ∃ ∗ ∃
: ∃ ∃ ∗ ∃
; ∃ ∃ ∗ ∃
; ∃ ∃ ∗ ∃
.
From the comparison, we can confirm the conclusion
drawn in the last section that, sequence 2 ensures a better
assembly precision than sequence 1. Since the mathematical
method is based on an accumulation of ranges during which
extreme conditions are considered, while the simulation
method is based on the statistical output generated from
thousands times of simulation runs, there are some differences
between their results.
6. Conclusions
In the assembly process, the difference in assembly
sequences results in different tolerance propagations. The
deviations of key assembly features in corresponding
sequences will also be influenced, which may bring negative
effect to the assembly precision. To guarantee the assembly
precision, the feature deviations in different sequences should
be analyzed and accordingly the assembly sequence should be
optimized. This paper presents a mathematical method to
calculate the feature deviations, using transformation matrix
to consider tolerance and clearance propagation. The feature
deviations of an example model in two assembly sequences
are calculated with this method. Through comparison, the
assembly precision in the two sequences is evaluated and the
better assembly sequence is determined. The paper also
utilizes a CAT package to conduct simulation analysis on
feature deviations. The 3D model is built and corresponding
Moves and Measurements are established with respect to the
measurement object. Through simulation analysis, a similar
result is drawn to verify the validity of the conclusion. The
result provides good evidence for the optimization of
assembly process planning. In the following study, more
work will be done to realize the application of the methods in
more complex assembly situations.
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